Reactions of glycerol and high free fatty acid (FFA) rice bran oil were carried out with lipase immobilized on an anion exchange carrier. The esterification activity of the reactions was estimated by decrease in acid values. This activity was high when the water content of the reaction mixture was 1~3 %. The relationship between water content in the reaction mixture and esterification activity depended on the lipase sources and the carriers on which the lipase was immobilized. Transesterification activity was estimated by successive analysis of glyceride components in the reaction products. The yield of monoglyceride was good when both the esterification activity and transesterification were made to work in parallel. The high FFA oil used contained 35 % free fatty acid and the reaction product contained 7 ~-15 % FFA and 30.35 % monoglyceride. The methods for controlling water content in the process of glyceride production by lipase based on differences in boiling temperatures and reactions in a triphasic system are discussed.
Introduction
World paddy production of rice is around 400 millions t/year, 6 % of which is bran, and bran contains about 15 % rice bran oil. Linoleic acid, which is an essential fatty acid, constitutes 38.2 % of the fatty acid content of the oil and unsaturated fatty acids such as the linoleic acid and oleic acid, which are considered to be good for health, are about 80 % of the fatty acid''. However, rice bran oil is used less than such edible vegetable oils as soybean oil, palm oil, sunflower oil and rape seed oil because most commercially available rice bran oil contains high proportions of free fatty acid which render the oil inedible2'. At present, in order to make use of the edible rice bran oil, a heat treatment is carried out immediately after harvest at an oil mill near the rice producing district because a high degree of lipolysis by lipase occurs in the oil when it is left for days without stabilization by Jeat treatment". Another way of making the high FFA rice bran oil edible is the micella refining method reported by an India group3'.
We recently reported an immobilized lipase which is active in the presence of fatty acid or in a high substrate concentration and is useful for oil splitting process"'. In this report we studied use of the esterification and transesterification activities of the immobilized lipase for eliminating the free fatty acid in rice bran oil and discussed the problems involved in the process of glyceride production from rice bran oil using lipase.
Experimental

Materials
Lipase from Pseudomonas mephitica var. lipolytica5' was extracted at pH 8 from the precipitant of the culture supernatant precipitated at pH 4. Lipase from Pseudomonas f luorescens biotype J s' and lipase from Pseudomonas cepacia'' were obtained from the culture supernatant by the following procedures : ammonium sulfate precipitation, dialysis, freeze-drying and defatting with chloroform.
Lipase from Candida cylindracea (Lipase-OF) was the product of Meito Sangyo Co., Ltd. Lipase from Pseudomonas f luorescens, Rhizopus niveus and Aspergillus niger were the products of Amano Pharmaceutical Co., Ltd. Lipase from Mucor miehei was the product of Novo Industri, Japan. Ltd. Lipase from Chromobacterium viscosum was the product of Toyo Jozo Co., Ltd. Lipase from Geotrichum candidum was a gift from Dr. Y. Tominaga of the Osaka Municipal Technical Research Institute. Lipase from hog pancreatine and wheat germ were purchased from Sigma Chemical Co. , Ltd. Dowex MWA-1 was purchased from Muromachi Kagaku Kogyo Kaisha, Ltd. Spherosil DEA was the product of Rhone-poulenc-chimie fine. DEAE Cellulofine All was purchased from Seikagaku Kogyo Co., Ltd, Molecular sieve 5 A 1/16 was purchased from Wako Pure Chemical Inds. , Ltd. Purified rice bran oil was purchased from Yurou Yakuhin Co., Ltd. Crude rice bran oil and fatty acid from rice bran oil was obtained from Boso Oil & Fat Co., Ltd.
2.2 Preparation of substrates Crude rice bran oil of having a high acid value was heated up to 80°C to melt waxy substance, cooled with water to 20°C and then left for 1 h to age the waxy substance. Cooled n-hexane was added to obtain 70 % of the micella and it was filtered by suction. The dewaxed rice bran oil was used as high FFA rice bran oil.
Crude rice bran oil was purified with 10.20 % sodium hydroxide to obtain a soap. The soap was split with 7080 % sulfuric acid and the resultant hydrolysate was distilled and the fatty acid fraction was used as a fatty acid from rice bran oil.
2.3 Preparation of immobilized lipase One gram of anion exchange carrier, for example Dowex MWA-1, was washed with distilled water and subsequently shaken at 8°C overnight with 1185 units of lipase solution dissolved in 1 mL of 1/15 M McIlvaine buffer at pH 5. Then 1 mL of McIlvaine buffer containing 80 pL of 25 % glutaraldehyde was added and the mixture was shaken at 8°C for 10 min to make shiff base as a product of amine residues and glutaraldehyde. The mixture was shaken with 0.2 mL of 20 % sodium hydrogen sulfite solution at 8°C for 10 min to reduce the shif f base and excess amount of the glutaraldehyde. The resultant carrier was thoroughly cleaned with water and dried on a glass filter with suction.
2.4 Assay of lipase activity Lipase activity was assayed by a modification of Nord's method8'. The reaction mixture, composed of 5 mL of olive oil emulsion, 4 mL of 0.1 M phosphate buffer, pH 7, and 1 mL of enzyme suspension was incubated for 20 min. The reaction temperature was 60°C for lipases from Pseudomonas sp, and Chromobacterium sp . and 40°C for the other lipases. The enzyme reaction was terminated by addition of acetone-ethanol mixture (1 :1) . The free fatty acid was titrated with 0.05 N sodium hydroxide solution. One unit of lipase was defined as the amount of enzyme which liberates 1 umol of fatty acid per min .
2 5 Reaction of glyceride production The reaction mixture, composed of high FFA rice bran oil, immobilized lipase and glycerol in a 100 mL of Erlenmyer flask, was incubated on a reciprocal shaker at an oscillation frequency of 133 per min. Each flask was plugged with a silicone rubber stopper to prevent evaporation of the reaction mixture. The reaction was terminated by the addition of 10-20 mL of a benzene-ethanol mixture (1:1) containing phenolphalein (0.01--0.02 %) and filtered through Toyo filter paper No. 2. The filter cake was washed with the same benzene-ethanol mixture and the filtrate was used to analyze the acid value and glyceride components.
Analysis of glyceride components
The analysis was done with a thin-layer chromatograph hydrogen frame ionization detector system (TLC-FID) using an Iatroscan TH 10 (Iatron Lab. Inc. Tokyo). Filtrate obtained as mentioned in the previous section was spotted on 3 % of boric acid impregnated chromarod. The first development was done in a solvent composed of chloroform-benzene (80 : 20) up to the length of 8 cm and dried at room temperature for 2-3 min. The second development was done in a solvent composed of benzene-chloroform-methanol ammonia mixture (35 :1: o. 05) up to the length of 10 cm. The methanol ammonia mixture was composed of methanol and 25 % ammonia water (8 : 2). The weight ratio of glycerides and fatty acid was determined using the same procedure as described previously6~.
2.7 Assay of water content The water content in portions of the reaction mixture other than the immobilized lipase was measured using a Karl Fischer Titrator (Mitsubishi Chemical Id., Ltd. ). The water content of the immobilized lipase was obtained from the weight difference between the immobilized lipase and one dried at 110°C. The water content was expressed as follows : Water content (wt/wt % ) =100x weight of water/weight of substrate =100 X weight of water in glycerol, high FFA oil and immobilized lipase/weight of high FFA oil and glycerol.
2.8 Assay of glycerol content Determination of glycerol was done by a modified method of Korn9' as described below . A half mL of the sample containing 0 .1-0.8pM of glycerol was pippetted into a stoppered test tube and oxidized by addition of 0.4 mL of 0 .025 M KI04 solution. After 5 min, 0.1 mL of 0 .5 M sodium arsenite was added to reduce the remaining excess of the periodate. After 10 min standing, 9 mL of chromotropic acid reagent was added and the mixture was thoroughly shaken and heated for 30 min in a boiling water bath. The chromotropic acid reagent was prepared just before use by dissolving 110 mg of chromotropic acid, disodium salt in 10 mL water, and then adding 60 mL of conc. sulfuric acid and 60 mL of water to the solution. After cooling, the colored solution was filled up to 25 mL with water and was measured at 570 nm using a colorimeter.
2.9 Assay of total tocopherol and orizanol Total tocopherol was assayed by high performance liquid chromatography as reported by Kato et al. 10) orizanol was assayed by optical density at 315 nm as reported by Tanaka et al. "' 3 Results
Characteristics
of high FFA rice bran oil The hydrolysis ratio of the used high FFA rice bran oil calculated from acid value and saponification value was 39.9 %. The fatty acid content of the oil calculated from the acid value was as follows :
Fatty acid content (wt/wt % ) =73 .6/1000X1/56. 11X274. 1 X 100/1 =36 .0, where 56.11 is the molecular weight of potassium hydroxide, 274.1 is the average molecular weight of fatty acid containing rice bran oil and 73 .6 was the observed acid value . The fatty acid content measured by TLC-FID is also shown in Table-1 . A glycerol content as hydrolysate was calculated in cases where the glycerol is not lost during preparation of the high FFA rice bran oil and fatty acid is a main hydrolysate .
Glycerol as hydrolysate (%) =39 .9X92. 09/(274. 1X3)=4. 47, where 92.09 is the molecular weight of glycerol . The amount of glycerol and total tocopherol in the high FFA oil was very low, as shown in Table-1. 3.2 Effect of lipase source on esterification Table-2 shows that the most preferable lipases for elimination of free fatty acid in the oil were those from P, mephitica var . lipolytica, C, viscosum, Mucor sp., and Rhizopus sp . The decrease of acid value during lipase reaction is thought to be the result of advancing an esterification reaction . The reaction accelerated on the increase of temperature as can be seen from the results for C . viscosum and P, f luorescens biotype j .
3 3 Effect of water content on esterification In the experiments in this report , glycerol is considered to function as a matrix of glyceride , a solvent of the reactants and a reagent adjusting the water content in the reaction mixture . The glycerol used contained 0.555 % of water. As shown in Table-3, the water content in the Table-3 was incubated with 1 g of dehydrated glycerol and 1 g of dehydrated high FFA oil. The dehydration was done with a 5A 1/16 molecular sieve just before use. In both cases, the diminishing suggests that the large amount of glycerol robbed lipase of the water necessary for it to exhibit lipase activity. Fig. -1 indicates that the relationship between the esterification activity and the water content in the reaction mixture depends on lipase source. Lipase from P, f luorescens biotype j and C viscosum showed a relationship similar to R. niveus. Fig. -2 indicates that the esterification activity and the water content depend on carriers which constitute the microenvironmenV2> of the Reaction mixture was composed of 1 g of high FFA rice bran oil, 0.5 g of lipase from P. mephitica var. lipolytica (0), R, niveus (/ ), or M, javanicus (0) immobilized to Dowex MWA-1 and various amounts of glycerol. Reaction time was 120 h and reaction temperature was 60°C for the lipase from P, mephitica var. lipolytica and 40°CC for the ones from R, niverus and M. javanicus. Reaction mixture was composed of 1 g of high FFA rice bran oil, 0.5 g of lipase from C. viscosum immobilized on Dowex MWA-1 (El), Spherosil DEA (/ ), or DEAF cellulofine (0) and various amounts of glycerol. Reaction time was 120 h and reaction temperature was 60 °C. 3 6 Analysis of esterification, hydrolysis and transesterification Transesterification had a major role in the glyceride production when we used purified rice bran oil and glycerol as substrates because the purified oil did not contain fatty acid. The transesterification is considered to proceed without need to generation of water, enabling operation a reactor for glyceride production without carry out a dehydration process. The substrates containing the purified oil gave a product containing only 15.9 % of monoglyceride as can be seen from the first column in Table- 6. The slight increase of acid value in the first column is regarded as the result of advancing slight hydrolysis reaction under the conditions of the experiment using the purified oil. On the other hand, the substrates containing the fatty acid gave a product containing only 12.9 % of monoglyceride as can be seen in the second column in Table-6 . The substrates containing the mixture of purified oil and the fatty acid (1: 1) or the ones containing high FFA oil gave products containing about 35 % of monoglyceride as can be seen the third and fourth columns in Table-6 . The above results suggest that high FFA rice bran oil is a good substrate for obtaining a product containing a high amount of monoglyceride, and that it is important to select conditions which enhance the effects of esterification and transesterification in parallel.
Discussion
We studied glyceride production from high FFA oil in order to utilize the immobilized lipase which was active in the presence of fatty acid. In this report, fatty acid was reduced from 36.0 % to 7-15 % and glyceride containing 30-35 % of monoglyceride was obtained. Monoglyceride has a wide range of uses such as an emulsifiers of foods and toilet goods, and a material for blending with plastics and spindle oil. Currently, monoglyceride is chemically produced by a longterm reaction at high temperature and the product obtained usually needs further purification'3}. In constrast, the enzyme process is carried out at normal temperature and normal pressure without side reaction.
The difficulty in producing glyceride using this immobilized lipase is that of controlling water content in the reaction system'4'. Esterification with lipase produces water because the reaction is a reverse reaction of hydrolysis. Most of the water will concentrate in the hydrophilic glycerol fraction. Dehydration of glycerol is easy because glycerol and water are extremely different in their boiling temperatures. The dehydration will be easier under reduced pressure as used by Nakata et al, in their sorbitol ester synthesis's'. A new immobilized lipase which reacts in a triphasic system for example W/O/W emulsion is another interesting method for controlling water content. Table-7 shows the equilibrium relationship in a triphasic system of the simplest A H B type reaction. This theory was derived from an expansion of the theory of biphasic equilibrium proposed by Karel Martinek et al. 16 ) Control of the water content can easily carried out by changing volume ratios, which can be done artificially. Nanbu et al. reported transesterif ications in a similar system to the triphasic system'". Regiospecif is acylation to poly hydroxy groups has been reported using specific lipase18' or using specific reaction conditions191. Our work provides only a start for utilizing high FFA rice bran oil by use of immobilized lipase. We believe that further comprehensive studies will provide valuable and useful lipase processes for utilizing high FFA oil.
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